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ABSTRACT: To determine the effects of maternal Se
intake and plane of nutrition during i uidgestation. late
gestatiOn, 01 both 011 hormone and metabolite eoncen-
trations in the dam and on placental characteristics,
pregnant ewe lambs (n = 64) were assignee! to 1 of 8
treatnients arranged in a 2 x 2 x 2 factorial array : Se
level [initiated at breedin g: adequate (3.05 pg/kg of
BW) or high (70.1 p-/kg of 13W)] and nutritional level
[100. (control) or 60% (restricted) of NBC recoiltinen-
dations] feel at different tillics of gestation [d 50 to 90
(midgestation) or (191  to 130 (late gestation)]. The con-
trol ewes had a greater (P 0.01) percentage change in
B\V from tI 50 than restricted ewes during both mid-
and late gestation. Although blood urea N was not af-
fected by cit her Sc or nutritional level, restricted ewes
had greater (P = 0.01) concentrations of circulating Sc
on d 66, 78, 106, 120. and 130 of gestalion compared
with control ewes. Both Sc and timing of the nutri-
tional level affected circulating progesterone: however.
only nutritional level affected th yroxine and triodotliy-

ronme concentrations in time dam. Nut neat rest liet ion
(llmriIlg late gestation decreased ( P < 0.01) fetal BW
and fetal fund weight compared with time control ewes
(3.75 vs. 4.13 + 0.10 kg and 1.61 vs. 2.11 + 0.11 kg).
Alt liongli neither Se nor nutritional level affected (P
> 0.1) placiital, caruncular. or cot vledoiiarv weights.
cotvledonarv cellular proliferation was decreased (P <
0.05) in ewes receiving a high (oilcentratioll of Se coimi-
pared wit Ii those receiving adequate Sc. In addition, ei-
ther Sc or nutritional level affected vascular endothelial
growth factor (VEGFA), VEGFA-receptor 1. VEGFA-
receptor 2. and NO synthase mnilNA abundance in the
cotvledonarv tissue. In the caruncular tissue. cit her Se
or nutritional level affected VECFA-receptor I placen-
tal growth factor, and NO sviithase niRNA abundance.
Selenium supplelllentatioll and the duration or t iluing
of nutrient restriction appear to influence the endocrine
and metabolic status of the ewe, which ma y influence
nutrient transport and placental function.
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INTRODUCTION

Intrauterine growth restriction (ILJGR) during ges-
tation causes negative effects later in life on aitinial
performance. including postnatal growth. bod y ( 0111-

position, and reproductive perfortimance (reviewed by
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\k'u et al.. 2006). Recentl y, our laboratories reported
that maternal nutrient restriction from el 64 to 135 of
gestation in I lie ewe decreased fetal 11W' (Reed et al..
2007): however. placeittoinc tioiss and capillar y vascu-
larity were not affected (Lekatz et al.. 2009). indicating
that altered fetal l3\V may be (lime to placciit al function
lather than size. Interestingl y, ewes that were given su-
praiiutritional amounts (aniotints above NRC recoin-
inendations) of Se had greater fetal BW compared with
ewes receiving adequate amounts of Se (Reed et al..
2007). Iii atlt:litioit, increased amounts of Sc increased
cellular proliferation in the cotvletlonarv tissue of the
placentome (Lekatz et al.. 2009). This maindicate
that. Se provided a sparing effect oil fetal B\V.

Selenium is an essential trace element because of its
important antioxidant capabilities t hurotighu seleuiopro-
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teins, such as glutatluione peroxidase (GPX). Preec-
lamptic women. who often exhibit IUGR, have reduced
placental GPX activity compared with control women
(Mistry et al., 2008). We have suggested that feeding
supplemental Se may increase GPX activity, thereby
reducing oxidative stress and sparing fetal BW (Reed
et al,. 2007 Lekatz et al.. 2009). Another selenoprotein,
iodotliyronine deiodiriase, is known to influence the
conversion of thyroxine(T4 ) to triiodothyronine (T
Pappas et al., 2008), which could influence the metabo-
lisin of the dam and potentially affect the growth of the
fetus and placenta.

In several models of ovine undernutrit ion during ges-
tation, the results have varied, possibly because of the
timing of nutrient restriction (reviewed by Rednier et
al.. 2004: Luther et al., 2007). Although feed restriction
followed by realinentation alters maternal energy me-
tabolism in the pregnant cow (Freetly ci. al., 2008), it
is currently unknown whether maternal restriction fol-
lowed by realimnentation during gestation can influence
maternal metabolic status, including such factors as
circulating fatty acids in the ewe. Potentially, the endo-
crine and mimetaholic status of the dam could influence
nutrient availability to the growing fetus for the dura-
tion of restriction. Restriction during pregnancy is well
noted during times of drought. Moreover, in the upper
Midwest, where soils contain elevated concentrations
of Se, grazing riuninant.s could experience increased Sc
forages along with reduced nutrient intake. The present
study was designed to examine the effects of nutrient
restriction in 2 distinct periods during gestation (i.e.,
d 50 to 90 and ci 91 to 130). We h ypothesized that
nutrient restriction would reduce fetal BW. whereas
the addition of supranutritional Se to the nutrient-re-
stricted diet would spare fetal BW without affecting
placental weight. Moreover, Se status and nutritional
level during unclgestation, late gestation, or both would
alter maternal hnruione and metabolite concentrations.
The objectives of this study were to determine how
suprauutritioual Se. nutrient restriction, or both dur-
ing niidgestation, late gestation, or both would affect
1) maternal concentrations of circulating NEFA, blood
urea N (BUN), progesterone, T 1 . and T i throughout
pregnancy: 2) placental growth and cellularit y : and 3)
placental angiogcnic and vasoactive factor abundance.

MATERIALS AND METHODS

All procedures were approved 1w the North Dakota
State University and USDA-ARS Animal Care and Use
Committees.

Animals Management and Treatments

Western Whiteface ewe lambs originating from the
USDA. ARS. US Sheep Experiment Station in Dubois.
ID, were synchronized for estrus and exposed to rants
for 72 ii at the Sheep Experiment Station (Dubois).
After breeding (d 0), the rams were removed, and the

ewes were assigned randomly to 1 of 2 pens. The pens
were assigned randomly to either an adequate Sc (ASe)
or a high Se (HSe) dietary treatment. Details of the
diets were reported by Carlson et al. (2009). Briefly.
ewes were fed a basal diet (2.04 kg/ewe per da: as-fed
basis). In addition to the basal (liet, at breeding (d 0).
ASe ewes were fed 100 g/d (as-fed basis) of a control
pellet balanced to contain 0.30 lug of Se/kg to achieve
the desired Se intake of 3.05 ig of Se/kg of BW per
ewe, whereas HSe ewes were led 100 g/d of a pellet
balanced to contain 47.5 rug of Se/kg. provided as Se-
enriched yeast (Sel-Plex, AIlt ccli, Nicholasville. KY),
to achieve the desired Se intake of 70.4 ILg of Se/kg of
BW per ewe.

Pregnancy was determined by imltrasonographiv (Alo-
ka. Wallingford, CT) in each ewe on d 32 after breeding.
Sixty-four ewes (50.7 ± 2.8 kg of BW) were selected to
renlain on either the ASe (n = 32) or HS( , (n 32)
treatment until the end of the experiment, and were
transported (1.540 km: 14 h) on d40 of gestation to the
Animal Nutrition and Physiolog y Center at North Da-
kota State University (Fargo), where they were housed
in individual pens (0.91 x 1.2 in) in an indoor facility
until necropsy at d 132 ± 0.9 of gestation. Within the
facility, the temperature was held constant at 12°C, and
lighting was controlled automatically to nnnuc the pho-
toperiod of the outdoor environitiemit (froni mid ,Janu-
ary to early May). All ewes had access to fresh water
and trace mineralized salt that contained no added Se
(American Stockman, Overland Park, KS).

On d 50 of gestation, ewes within each Sc treatment
were stratified by average breeding (late and assigned,
along the strata, to receive either 100% (CON) or 60%
(RES) of their nutrient requirements (.N RC 1985) from
ci 50 to 90 of gestation (i.e.. nndgestation). On d 91 of
gestation, ewes were randomized and reassigned to ic-
ceive either 100% (CON) or 60% (RES) of their nutri-
ent requirements (NRC. 1985) from (1 91 to 130 (i.e..
late gestation). Ultimately, this resulted in 8 treatment,
combinations designated by the following: ASe-CON-
CON (control from d 50 to 130:11 = 9). ASe-CON-RES
(control from d 50 to 90 and restricted from cl 91 to
130: ii = 7), ASe-RES-CON (restricted from ci 50 to 90
and control from d 91 to 130: n = 8).ASe-RES-RES
(restricted from ci 50 to 130: n = 8), and HSe-CON-
CON (control from d 50 to 130: n = 8). HSe-CON-RES
(control from ci 50 to 90 and restricted froin (1 91 to
13011 = 8), HSe-RES-CON (restricted from d 50 to 90
and control from d 91 to 130: ii = 8). and HSe-RES-
RES (restricted from d 50 to 130: it - 8).

During mid- and late gestation. ewes assigned to the
ASe treatment derived all dietary nutrients from time
control pellet. Time HSe ewes were fed the high-Se pel-
let at a rate that met the desired Se intake (70.4 jig of
Se/kg of BW), and the remainder of the diet was com-
posed of time control pellet to achieve the desired ME
intake. Beginning on d 50, ewes were weighed ever y 7
(1, and feed intakes of the control and high-Se pellets
were adjusted every 2 wk based cmi ewe B\V and stage
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'1of gestation. This approach allowed dietary Se intake
to be held constant relative to BW for HSe ewes but
for Se intake to vary with DM1 for ASe ewes. The per-
centage change in ewe 13W was calculated every 7 d.
Ewe blood saniples were obtained ever y 14 d from the
jugular veil.

Necropsy Procedures

Ewes were killed oil 	 132 of gestation (range: c.1 129
to 136). Oil morning of necropsv, ewes were weighed
to determine their final BW. Jugular blood samples (10
rnL) were collectedinto hot h a sterile evacuated non-
heparinized tube and a sterile evacuated tube contain-
ing 1.8 mg of EDTA per mL of blood (Becton Dickin-
son Vacutainer Systems. Franklin Lakes. NJ). Serum
and plasma were obtained by centrifugation (1500 x

q for 30 mm at 4°C) and stored at —20°C until further
analysis. Exactly 1 11 before necropsy, ewes were inject-
ed with 5-bromo-2-deoxy-urichinc (5 nig/kg of BW) via
jugular vempuncture to evaluate cellular proliferation
in the placentome. Each ewe was stunned b y captive
bolt (Supercash Mark 2. Accles and Shelvoke Ltd. Silt -
ton Coldfield. West Midlands, UK) and exsanguinated.
The maternal liver was removed and weighed after re-
rrioving the gall bladder. The gravid uterus was im-
mediately dissected cranial to the cervix and weighed.
The uterus was opened along the a.ntimcsometrial side,
and the umbilical cord was ligated and the fetus was
removed and weighed.

Immediately after the fetus was removed, several pla-
centomes were removed from the uterus and weighed.
The caruncular and cotyledonarv tissues were separat-
ed, weighed. snap-frozen. and stored at 80°C. Next, a
portion of the gravid uterus was perfusion-fixed accord-
ing to the methods described by Borowicz et al. (2007).
Briefly, the main uterine arterial branch and a main
umbilical arterial branch were catheterized, and sev-
eral placentomnes were perfused with PBS followed by
Carnoy's solution (a nonaldeli de-1 iased fixative com-
posed of 60(X; ethanol. 30% chlorofonn, and 10% glacial
acetic acid). Thereafter, the tissues were immersion-
fixed in Carnoy's fixative for 24 ii. Next, all remaining
placentomes were removed honi time gravul uterus and
weighed. Fetal fluid weight. (i.e., combination of anumi-
onic and allantoic fluid) was estimated b y subtracting
fetal weight, total placentonie weight, fetal membrane
(interplacentonial membrane) weight, and empty uter-
ine weight from gravid uterine weight.

Measurement of Placentome Cellular
Proliferation

After cariincular and cotyledonary tissues were fixed
in Carnov's fixative. they were transferred to a grad-
edseries of ethanol solutions, enihecidecl in paraffin,
sectioned (4 in), and mounted oil slides by us-
ing standard histological techniques (Luna. 1968). The
prepared placental tissue samples were incubated with

all anti-5-hrouno-2-cleoxv-uridine, fornmahimi grade amuse
IgG monoclonal antibod y (Clone BM(,' 9318, Roche
Diagnostics. Indianapolis. IN) at a 1:200 dilution (9
iL/1.8 mL) in blocking buffer. Primar y antibody was
detected using 3.3'-diaminobenzidine (DAB: Vector
Laboratories. Burlingame. ('A), thereby staining the
proliferating cells that were in the S (DNA synthetic)-
phase of the cell cycle. Hemnatoxylimm (EMD Chemicals
In( , .. Gibbstown, NJ) was used to uomniterstaim the
nouidivichimg nuclei, and periodic acid Schiff's reagent
(Luna. 1968) was used to highlight other structures
present within the placental tissue cross-section. Micro-
photographs were taken at 40x mmiagimifi('atmon with a
Nikon DSJ\ 1 1200 digital camera (Fryer Company inc..
Chicago. IL). Cellular proliferation was quantified us-
big Image-Pro Plus software (version 5.0. Media,

 Houston. TX). The percentage of proliferating
cells was estimated by dividing the number of DAB-
stained nuclei by the total number of nuclei (DAB plums
hiemnat oxylmi m stained) present wilhinwithin the area of tissue
ammalvzed.

Cellularity Estimates

Freshly thawed cariiuicimlar and cotyledotimny samples
(0.5 g) were hmoumogenized, using a Pol tron instrument
with a PT-10s probe (Bi'inknmammn. \Vestburv. NY). in
'[ris ami momet bane. sodimun. and EDTA buffer (0.05 M
Tris, 2.0 M NcCl. 2 mill EDTA, pH 7.4). The carummcu-
lar and cotvledonarv samples were auualvzed fbr DNA,
RNA, and protein concentrations. The DNA and RNA
anal yses were (lone using the dhiphenvlanmine (Johnson
et al.. 1997) and orcinol procedures (Reynolds et al..
1990). Protein in tissue hmoniogenat.es was determined
with Cooniassie brilliant blue C (Bradford. 1976) with
BSA (Fraction V, Sigma Chenncal, St. Loins. MO) as
the standard (.Jolumson et al., 1997). The prepared sail-
pies were analyzed with a spectrophuolonieter (Beck-
man DU 610. Beckman Coulter Inc.. Fullerton, CA)
and were assessed against, concentration curves of
known standards. The concentration of DNA was used
as an index of hyperpiasia. and time pm'ot.ein:DNA and
RNA :D A ratios were used as indexes of hivpertrophmv
and potential cellular protein-syntlietk activity. re-
spcctivelv (Swanson et al.. 2000, 2008: Sclueaffer et al..
2004a: Soto- Navarroet al., 2004).

Quantification of mRNA Encoding
Angiogenie Factors

'Vascular endot huehial growt ii factor (VEGF S1..) . its re-
ceptors VEC;FARI (FLT1) and \TEGFAR2 (KDR).
placental growth factor (PGF). endothelial NO svim-
thase (NOS3). and the prumiary No receptor soluble
gumcmimylate c yclase (GUCY1A2) mire the major angio-
geunc and vasoact ive factors that have been shown to
influence placental vascula turd' (R.ednmer ci al.. 2005;
Borowicz et al., 2007: Vonimahmne et al.. 2007, 2008a0);
Reynolds et al.. 2009). These uuuRNA encoding angio-
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genie and vasoactive factors were quantified in carun-
cular and cotyledonary tissue samples by extracting the
total RNA using Tn-Reagent (Molecular Research Cen-
ter. Cincinnati, OH). Abundance of mRNA for VECFA,
FLTI. KDR. PCF. NOSS, and GUCYIA2 were deter-
mined by real-time reverse transcription PCR via, capil-
lary electrophoresis with an Agilent. 2100 Bioanalyzer
(Agilent Technologies, Wilmington, DE) using methods
froni our laboratory (Redrner et al., 2005; Vonnalime et
al.. 2006. 2007: Borowicz et al. 2007) with the follow-
ing modifications. For each gene of interest, a multiplex
reaction was performed by using probe-primer sets for
the gene of interest and 18S in each well, as described
previously (Vonnahme et al., 2008a). The ratio of the
mRNA of the gene of interest to 18S was used for quan-
tifying the gene expression.

NEFA and BUN Analysis

The acyl-CoA synthetase- acvl-CoA oxidase method
(NEFA HR. Wako Pure Chemical Industries, Dallas.
TX) was used to measure maternal serum NEFA in
duplicate. The maternal intra.assay and interassay CV
were 5.62 and 4.26%. respectively. Maternal serum urea
N was measured in duplicate using a urea N kit (Proce-
(lure NC). 640, Sigma Diagnostics, St. Louis, MO). The
maternal intraa.ssay and interassay CV were 4.64 and
3.78%, respectively.

Hormone Analysis

Progesterone was analyzed as described previously
(Galbreatli et al.. 2008). Briefl y, a 50-1t.L sample of ma-
ternal serum was analyzed iii duplicate. Progesterone
concentrations were measured by chemiluminescence
imnulnoassay using an Immulite 1000 immunoassay
system (Siemens, Los Angeles, CA), by which lesser,
medium, and greater progesterone pools were assayed
in duplicate. The intraassay and interassa y CV were
6.42 and 9.26%. respectivel y. Thyroxine and T 3 C()11

centrations were determinedby chemiluminescence un-
munoassay using the Imnuilite 1000 system, using com-
ponents of commercial kits (Diagnostic Products Corp.,
Los Angeles, CA) as described previously (O'Neil ct al.,
2009). Within each assay, lesser, medium, anti greater
T 1 and T 1 pools were assayed in duplicate. Twenty-
five-nucroliter and 15-1i.L serum samples were assayed
in duplicate for T;1 and 14 . respectively. Time intraassay
CV were 4.27 and 5.87% for 'L 1 and T3 . respectively,
and the interassav CV were 11.73 and 10.74% for T
and T3 , respectively. In addition. the T :T i ratio was
calculated.

Se and GPX Analysis

Maternal plasma. carumicular, and cot lecionary sam-
ples were analyzed for Se concentration according to
the procedures described by Finley et al. (1996). Brief-
ly, 0.25 to 0.30 g of caruncular and cotyledonary tissues

were weighed in triplicate into a beaker and 0.5 rnL of
plasma was measured in triplicate. Witlun each assay,
the samples, the lesser, medium, and greater standards.
and blanks were also weighed in I niplicate. Smmniplcs \y('J

placed on a hot plate, and 10 mnL of 40% niagllesilirn
nitrate solution, 2 mnL of 6 Al HCl. and 10 mnL of 16
Al HN0 1 were added to each sample, and the samples
were covered and incubated on the hot plate overnight.
The covers were removed, and the samples were evapo-
rated to dryness and then aslied at 470°C for 12 to 16
h. After cooling, 10 mnL of 12 IV! ITCI was added, and
the sample was heated on a hot plate for 15 mm. When
dissolved, the samples were poured into 25-rnL volu-
metric flasks, diluted to voiuiiie with double-distilled
water, and poured into scintillation vials. Selenium was
analyzed with an atomic absorption spect.rophotomet.er
with a hydride generator. The ii itra.assa.y and it-eras-
say CV for maternal plasma Se concentration were 5.02
anti 3.77%. respectivel y. TIme intraassav and imiterassav
CV for cart ncular tissue and cot yledonarv tissue were
3.61 and 4.06%, and 4.34 and 2.68%, respectively.

Caruncular arid cotyledonary samples were also ann-
lvzed for Se-dependent,GPX act activity according to the
procedures reported by Pagha and Valentine (1967).
Briefly, homogenized sample (20 _LL), 15 1iL of 0.12
Al phosphate buffer, and 200 1i1 of reaction immixture
[reduced NAD phosphate (N-6505, Sigma Diagnostics),
reduced glmmtathiomie (G-4251. Sigma Diagmiostics), glu-
t-athione redimctase (G-4751. Sigma Diagnostics). and
phosphate buffer (0.12 M)] were added to each well in
triplicate. Three wells were filled with 35 ILI, of buf-
fer solution onl y, as a blank, Thirty-three microliters
of H 2 O (16.5%) was added to each well. Two plates
(96-mnicrowell plates. 260844, Nune Imn... Rochester, NY)
for each tissue were used, and absorbance was read at
340 nm (SpectraMax 340, Beckman Coulter) for 4 min
at 15-s intervals to measure time oxidation of reduced
NAD phosphate to NAD phosphate. With the protein
eoncentratiomi for each sample. the specific activit y of
GPX was calculated. The intraassav and interassa\' CV
for caruncular and cotyledonarv samples averaged 4.73
and 3.61%. and 3.94 and 10.24%. respectively.

Statistical Analysis

Data were arm'a.miged in a 2 x 2 x 2 factorial design
and were analyzed as a completel y randomizeddesign
using either the GLM or MIXED procedure (SAS Inst.
Inc.. Cary, NC). Factors were level of dietar y Se (ASe
vs. HSe), plane of nutrition dunimig rmucigestatiomi (CON
vs. R.ES), and plane of nutrition during late gestation
(CON vs. RES). The immtera.ctions of Se and plane of
nutrition during either mid- or late -( ,station and the
3-way interaction were also included imi time model. The
3-way interaction (Se x mimidgestation nutritional lev-
el x late gestation nutritional level) was retained in
the model if P 0.10; otherwise, time interaction was
dropped from time model and all oilier interactions and
main effects were analyzed. The covaniate of number of
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fetuses carried by each ewe was included in the itiodel
for all variables and was retained iii the model if P
< 0.10. The main effects of I real iiieiits and iiiterac-
tions were (leeilIed significant at P < 0.05. Menus were
separated by LSD. The least squares means + pooled
SE are presented. O]llv significant interactions or main
effects arc presented. If an interaction or lilaili effect is
not presented. it was not significant (P > 0.1)5).

Time GLM procedure (SAS Inst. Inc.) was used to
anal y ze ewe liver mass, fetal B\1 7 . placental weight. car-
lincular and cotyledonary weights. placental cellularity.
placental angiogemc and vasoactive abundance. and Se
and GPX concentrations iii the ewe and placenta. The
MIXED procedure (SAS Inst. Inc.) was used to analyze
ewe 13\V and Sc. NEFA. BUN, progesterone. T 1 , and T1

concentrations throughout gestation. For tile MIXED
model, day was included iii the analysis for all interac-
tions and as a main effect

RESULTS AND DISCUSSION

After transport oil 40 until tissue collection. 9 ewes
experienced pregnancy loss, resulting iii 55 CWCS ill the
experiment [ASe-CON-CON (it 9). ASe-CON-RES (n
= 5). AS-RES-CON (ii - 3), ASe-RES-RES (ii - 7),
HSe-CON-CON (n = 7), JISe-CON-IIES (ii = 8). HSc-
RES-CON (ii = 8), HSe-RES-RES (11 - 8)]. Although
it is interesting that [here were more pregnancy losses
among the ASe ewes, we cannot definitely conclude
that the pregnancy loss was due to treatment because
this st iulv was not designed to investigate the role of Se
Oil pregnanc y retention. Selenium supplementation in
dairy cattle (Rutigliaiio ('t al.. 2008) or ewes (Pant er ci
al.. 1995) (lid not influence pregnanc y loss.

Percentage Change in Ewe B W
Throughout Gestation

There was no effect. of Se on ewe BW gain through-
out the experiment: however, nutritional level did affect
the percentage of ewe BW gain (Figure 1). As (lesigmied.
during nmidgest.ation (d 66. 73. 80. and 87) and late
gestation (d 91. 101, 108, 115 1 122. 129. and 136), CON
ewes had a greater percentage of 13\V gain compared
with RES ewes (P - 0.01: Figure 1). When looking at
the overall percentage of B\V gain throughout the ex-
periment 1100 x [(BW oil - 11W on d 50)/BW on
d 50]1, there was a Sc x nudgestation nutritional level
x late gestation nutritional level interaction (Figure
2). In the ASe ewes, CON-CON ewes hind the greatest
percentage of BW gain, RES-CON ewes had a greater
(P = 0.02; Figure 2) percentage of 13W gain compared
will, CON-liES and RES-RES ewes, and TIES-lIES
ewes had the least BW gain. \\licii ewes were fed HSe.
CON-CON ewes had the greatest percentage of B\V
gain, followed b y CON-lIES and lIES-CON ewes (P

0.49), which did not diflir, and RES-RES ewes had
the least, B\V gain. There were similar changes iii BW
gain for ASe-CON-CON CWCS and HSe-CON-CON

ewes (P = 0.65: Figure 2). The HSe-CON-1IES and
HSe-IIES-CON ewes had a greater (P 0.02: Figure 2)
percentage of BW gain compared with ASe-CON-Il 1S
and ASe-RES-CON ewes. Regardless of Se I real nient
lIES-TIES ewes were similar iii perccntage of B\\' gain
(P = 0.28: Figure 2).

Selenium supplementation has been reported to in-
crease total B'\V gain and A DC in growing lambs (Kim-
mar et al.. 2008). as well as iii guinea pigs (( 'hmaudhmarv
et al.. 2009). which time authors attributed to an in-
crease in protein utilization with increased Sc iii the
diet. In the cinremit study, it is interesting I hia.t when
ewes were nutrient restricted during late gestation. Sc
supplementation (HSc-lat e gest at ion-RES) resulted iii
a greater B\V ehuamige at slaughter compared wit li ewes
lint were not rcccivmg any additiommal Se (ASe-lat e ges-

tatiomi-IIES). Increased Se also increased the percentage
of B\V gain at slaughter wliei u ewes were restricted (lull-
imig nmidgest at ion (HSe-midgestation-RES) compared
with ewes that were not receiving an y additional Se
(ASe-midgestation-R ES) Although we (lid 1101 directly
nmeasune protein utilization. perhaps Sc supplementa-
tion in these ewes increased their efficieiicv. Moreover,
our laboratory previously reported that when suipranu-
ru jonah Se is fed 21 d before breeding until d 135 of

gestation, greater maternal empty BV' (BW - total
digesta, weight) and fetal B\V result (Reed et al., 2007).
Ewes in the current study and in that of Heed et mil.
(2007) received Se-enriched yeast, an organic form of
Se. Perhaps Se source plays a role, given that Neville
et al. (2008) compared time combined effects of a Se-
wheat and 2 levels of selemmate, all fol-in of Se.
with a control group. Indeed. when evaluating the miia-
tem'nal tissue loads of the Sc sources used in the study
1 y Neville et al. (2008), ewes fed! Se-wheat had the
most efficient Se loading and had increased fetal con-
centrations. so perhaps an orgamcallv hound form of
Se is incorporated into tissue more easily (Taylor ('t al..
2009). In addition to source, diet composition ma y play
a role in Sc absorption because Koenig et al. (1997)
foum lid1 thatat Se absorption  n.m 1(1 retention were greater in
shed) receiving a concentrate-based (bet compared with
sheep receiving a forage-based diet. -Neville et al. (2008)
supplemented a forage-based diet with tIme Se source.
whereas the current stud y used a pcllctcd diet.

Maternal Plasma Se Concentration
Throughout Gestation

Nuitritiomial level did not affect ( P > 0.1)8) mater-
nal plasma Sc concentration throughout gestation. but
there was a Se x (la y interaction. As anticipated. 1 iSe
ewes had a greater (P - 0.01) plasmna. Se concentration
oil 50 through 130 of gestation compared with ASc
ewes (Figure 3). The greater plasma Sc concentration
in uSe ewes compared with ASe ewes indicates that Se
suppleniemitat ion effectivel y elevated the plasnia Sc con-
centration. as has been shown in other studies (Reed et
al., 2007: Swanson et al., 2008).

Wkhk
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Figure 3. Maternal plasnia Sc c nceiil ration I llrilgIa)ut ge-t at ion.
Selenium t reatiimeimts were applied from breeding until slaughter (d 130
of gestation) . Ad equate Sc (ASe) = 3.05 mg/kg of B\V: high Sc (HSe)
= 70.1 mg/kg of BW. Ewes in the HS( , group had greater plasma Sc
concentrations compared with ewes in the ASe group from d 50 to 130
of gestation. Within the HSe treatment. mimemuis with different letters
(it (i) differ (P < 1.05).

Although Sc plasma concentration remained unal-
tered throughout pregnancy in the ASe ewes. HSe ewes
experienced all in Sc concentration from ci SO
to 64 and again front 64 to 78 of gestation (Figure 3).
Plasma Sc concentration in HSe ewes was greatest from
d 78 to 92 of gestation. and then itit decreased slightly
between d 92 and 120 of gestation before increasing or
d 130 of gestation to levels similar to d 78 and 92 of
gestation (Figure 3). Although we call speculate
on the reason for this decline in plasma Se during late
pregnancy, we have observed this pattern in a previous
study (Taylor et al., 2009). Additional work needs to be
done oil 	 incorporation of Se into maternal and fetal
tissues throughout pregnancy.

Maternal NEFA and BUN Concentrations
Throughout Gestation

Ewes had similar (P = 0.10) NEFA concentrations on
d 50 of gestation (Figure 4). By (1 64 of gestation. cir-
culating NEFA concentration was greater (P = 0.01) in
RES ewes compared with CON ewes (Figure 4), which
continued through (1 78 of gestation (Figure 4). Regard-
less of the nndgestation nutritional treatment. ewes fed
RES diets from ci 91 to 130 of gestation had a greater
(P 0.01) NEFA concentration from d 106 until 130
of gestation compared with ewes fed CON diets (Figure
4). The greater maternal NEFA concentrations during
mid- and late gestation in RES ewes indicate that RES
ewes were mobilizing fat stores in response to nutrition-
al deprivation. Similar results have been documented
ill nutrient-restricted ewes in other studies (Brameld et
al., 2000: McMullen et al.. 2005: Quigley et al.. 2008).
These results were expected because the circulating
concentration of NEFA is related to the nutritional
state (Gordon and Cherkes. 1956: Fredrickson and Gor-

(Ion. 1958). Circulating NEFA are important sources of
available energy. as indicated by the increase iii NEFA
during fasting (Gordon and Cherkes, 1956: Fredrickson
and Gordon. 1958). Although there was no niidgesta-
tioti nutritional level x late gestation nutritional level
x day interaction, it is interesting that when ewes were
switched from the RES diet to the CON diet. NEFA
concentrations declined and were the least at slaughter.
Similarly, when ewes were switched from thethe CON diet
to the RES diet, NEFA concentrations increased and
were the greatest at slaughter. This indicates that when
the nutritional level is changed, the abilit y of the body
to utilize fat stores for energy responds quickly and
dramatically.

Neither Se nor nutritional level affected (P > 0.10)
ewe BUN concentration. However, there was a day ef-
fect (P = 0.05). Maternal BUN concentrations were
similar from dl 50 to 92 (7.70 ± 0.20 mM), increased
on cl 106 (8.17 + 0.27 mIkI), and remained elevated
until slaughter (8.13 ± 0.23 mM). Hileman et al. (1990)
observed that ewe BUN concentrations increased after
fasting compared with ewes receiving their normal dai-
ly intake, indicating that during nutrient deprivation,
the body degrades protein for energy. It is interesting
that we did not find a difference in BUN in the cur-
rent study, because we have recently demonstrated by
using ultrasonography that nutrient restriction ill
decreased loin eye area from mid- to late pregnancy
(Meyer et al., 2009). Although it was predicted that
BUN would be less in RES ewes, we cannot discount
the impact that protein catabolism cart have during
pregnancy when protein requirements are not met. The
current study was designed to observe the effects of
a global nutrient restriction (i.e.. similar reductions in
fat, carbohydrates, and protein). The specific role of
different durations of protein restriction needsneeds to he
investigated.

Maternal Progesterone, T3, and T4
Concentrations Throughout Gestation

There were Se x nndgestation nutritional level and
nudgestation nutritional level x day interaction effects
(Figure 5) oil progesterone concentration. To
describe the Se x nudgestation nutritional level inter-
action. ASe-CON ewes had the least (P = 0.01) proges-
terone compared with all other groups (6.54 vs. 8.79.
7.77. and 7.65 + 0.55 ng/mL for the ASe-RES. HSe-
CON. and HSe-RES treatments. respectively), which
did not differ. Regarding the rnidgestation nutritional
level x day interaction, all ewes had similar (P = 0.59)
progesterone concentrations on d 50 of gestation. By d
64 of gestation, RES ewes had more (P = 0.01) circu-
lating progesterone compared with CON ewes (Figure
5). Progesterone concentrations continued to he great-
er (P = 0.01) in RES ewes compared with CON ewes
through d 78 of gestation (Figure 5). Plane of nutrition
during late gestation did not affect (P = 0.24) maternal
progesterone concentration. However, it is interesting
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to note that approximatel y 2 wk after tile late gesta-
tional treatments began (from d 92 to 106 of gestation),
CON-RES ewes had a 142% increase in circulating pro-
gesterone. whereas the other 3 group,, (CON-CON.
RES-CON, and RES-RES) had an average increase in
progesterone of 46.7%. All ewes had similar (P > 0.06:
Figure 5) progesterone concentrations at d 130 of gesta-
tion. Lekatz et al. (2009) observed that restricted ewes
fed adequate Sc had an increase in serum progesterone
compared with control ewes fed adequate Sc from d 90
to 106 of gestation. Ewes in that study began iiutnenl
restriction on d 64 of gestation, whereas in the current
study. nutrient restriction began on d 50 of gestation. It
is not known if the increase in progesterone is due to in-
creased production from the placenta or decreased Ca-
tabolism of progesterone by the liver. However, Freetly
and Ferrell (1994) found that, progesterone metabolism
by splanchnic tissues in the ewe is linearly related to
circulating progesterone concentrations and is not in-
fluenced by nutritional status. Our differences iii pro-
gesterone from d 64 through 78 of gestation may be
associated with placental growth during this time. as
has been reported by i\ IcCrabb et al. (1992). Maximal
placental growth in the ewe occurs by d 90 (Stegeman.
1974). We may have affected the growth trajectory of
the placenta, potentially delaying the peak of placen-
tal growth in these RES ewes. Further investigation is
needed to verify this hypothesis.

Maternal T 1 and 1:1 concentrations were greater in
CON ewes during itiitlgestat.ioii compared with RES
ewes. There was a midgestation nutritional level x day
interaction on maternal T 1 concentration (Figure 6_A.).
Concentrations of T 1 were greater (P = 0.01) in CON
ewes compared with RES ewes on d 50. 64, and 78 of
gestation (Figure GA). Similar (P 0.17) T4 concentra-
tions were observed on d 92. 106. 120. and 130 of gesta-
tion (Figure GA) regardless of nutritional level.

There were miclgestation x late gestation nutritional
level and midgest at jolt nutritional level x day (Fig-
tire GB) interactions on ewe concentration. For the
nndgestation >< late gestation nutritional level interac-
tion. CON-CON and CON-R,ES ewes had greater (P =
0.01) maternal T: 1 concentrations compared with RES-
CON and RES-RES ewes (65.06 and 70.79 vs. 57.74
and 56.33 + 2.97 ng/inL), with CON-CON and CON-
RES ewes and II ES-CON and RES-RES ewes being
similar. For the mnidgestation nutritional level x day
interaction T:3 concentration was greater (P = 0.03) in
CON ewes compared with RES ewes on d 50, 64. and
78 of gestation (Figure GB). Concentrations of T:t were
similar (P > 0.17) between CON and liES ewes for the
remainder of pregnancy, regardless of the nutritional
treatment.

Although neither maternal nutritional level nor Sc
intake affected (P > 0.06) the maternal T :T 1 ratio,
there was a day effect. The maternal T 4 :T t ratio iii-
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creased from ci 50 to 64, remaining elevated until ci 120
of gestation. \vlIeli the ratio was similar to that at d 50
(Figure CC). B y ti 130. the I :T: 1 ratio was greater than
at ci 00 but was less than at d 106 (Figure CC).

Elevated concentrations of Se might be expected to
alter th yroid hormones, given that Se is important for
thyroid met aholisni (reviewed iii Rohrle el al.. 2005):
however, no effects of Se were observed on either T or
T 1 concentration or the 1 4 :'L1 concentration ratio. Very
few studies have evaluated the effects of supranutri-
tional Se oil th yroid liorniones in sheep. Our results are
si flu las to others who have reported no alteration  i i T
or T3 concentrations when supplemental Sc was fed to
pregnant ewe lambs (Ward el al., 2008) or to grow'ilig
lambs (Chadio et a].. 2006: Kumar et a]. 2008). Neither
Sc nor nutritional level affected the T 1 :T 1 concentration
ratio in ewes in the current si iidv. This, is in contrast
to the results of \Vard et al. (2008). who reported that
nutrient-restricted ewes provided with adequate Se had
the greatest T :T t ratio, whereas the increased quantity
of Se fed to nutrient-restricted ewes returned T :T . 1 ra-
tios to control levels.

Neer'opsy Data

Gravid uterine, fetal, placeiitoiiie mass, and es) lniiit ed
fetal fluid weight data arc' presented in Table I. Nutri-
ent restriction during late gestation resulted in less (P

0.01) gravid uterine mass and estitiiated fetal fluid

weight compared with CON ewes. Furthermore, there
was a late gestational effect oil fetal B\-V. with fetuses
fromi RES ewes being lighter (I' = 0.0 1) compared with
fetuses from CON ewes. These findings are not surpris-
ing because nun erous sitit lies have shown that nutrient
restriction duriiig late gestat ion leads to decreased fdtal
BW (Russel ot a].. 1977: Rattrav and Trigg. 1979; Mel-
br and \luivav. 1981: Luther et al.. 2007). The reclue_
tion in fetal fluid volume could perhaps he attributed
to a decreased metabolic rate of the fetus, the placenta
or both. or to alterations iii other osmoregulat m y fac-
tors (11 obihiarcl et al.. 1992).

Maternal initrieiit intake or Sc level did not affect
total or average placeitonie weight (P > 0.10). Fur-
thier. maternal nutrient intake or Se level had no ef-
fect on caruncular or cotyledonar y weight (P > 0.45),
This indicates that the observed reduction in fetal B\\—
was not simply due to a let Itict ion iii placental 1ula5
Similarl y, fetal BW was reduced without a reduction
ill placental weight when tilt) rielil restrict ion occ'urrec
from ci 6-1 It) 135 of gestation iii sheep (Reed et al.,
2007: Lekatz et al.. 2009). Similar to our stud y, when
Luther et al. (2007) compared adolescent ewes that
were nutrient restricted for 130 ci with a control group,
observed reduced fetal B\\' without a reduction in pla-
cental weight. In that stud y. carunc'niar capillary area
densit y was dect'easetl in I lie restricted ewes. wliereis
we (lid not make this observation (Lekatz et al., 2009).
Neither supplemental Sc nor tiuitrierit- restriction frau- i d
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64 to 130 altered placental capillar y vascularitv (Leka-
tz et al.. 201)9): however, in the stud y by Luther et
al. (2007) 110 ewes were reftcl during late p'eg11aiicy
(i.e.. ewes were restricted for the entire duration of the
study ). Although capillary vascular ineastiremeiits cia
provide evidence that the potential nutrient exchange
area can be altered in the placenta, this measurement
does not account for potential alterations in functional
transport capacity. Moreover, the lack of a static mea-
surement near the end of gestation does riot explain the
angiogenic trajectory of the placeiitoine or the vasoac-
tivitv of the uterine arteries, placental arteries, or both.
To determine whether the vascular trajectory of t lie
placenta is altered, we will need to investigate placental
function at various time points (Ilirimig gest ntioi i.

Although there was no interaction of total ewe liver
weight or ewe liver weight relative to ewe BW (I' >
0.06). we observed the main effects of $e. iiiidgestation
nutritional level, and late gestation nutritional level.
To describe the Se effect, ewe liver weight and relative
liver weight were lighter (P = 0.04 and P = 0.01) in
ASe ewes compared with HSe ewes (349.0 vs. 580.3 ±
11.18 g/lcg of 13W. and 9.15 vs. 9.73 + 0.17 g/kg of
BW). There was a inidgesta.tion nutritional effect on
liver mass. but not on relative liver mass. B y the end of
gestation, ewes that were provided adequate nutritionon

 niidgestation had greater (P = 0.01) liver niass
compared with RES ewes (593.1 vs. 536.3 ± 10.91 g).
The late gestation nutritional treatment affected both
liver mass and relative liver mass. Ewes provided ad-
equate nutrition from d 91 to 130 of gestation had a
greater (P = 0.01) liver mass (615.1 vs. 511.2 + 10.57
g) and relative liver mass (P = 0.01) compared with
RES ewes (9.79 vs. 9.10 ± 0.16 g/kg of 13\\).

\Ve previously reported that when ewes were restrict-
ed from d 50 to 90 of gestation, liver mass was reduced
011 (1 90 compared with control ewes (Scheaffer et al..
20041)) \\e have demonstrated in the current study
that regardless of nutrition (lining late gestation, nut ri-
tional level during midpregnamicv affects maternal liver-
size. near term. As energy requirements of ewes (par-
ticularly in pri niparous ewes that are still growing) in-
crease (Ilirilig pregnancy, nutrient restriction demands
that energy resources be prioritized. A good indicator
of energy requirements in sheep is the oxygen consump-
tion by the liver. Hepatic ox ygen consumption increases
with increased feed intake during pregliancv in the ewe
(Freetiv and Ferrell. 1997). even though liver blood flow
does not increase during pregnancy (Rosenfeld, 1977).

Placental Cellularity

In caruncular tissue, there was no effect ( P > 0.10)
of either Se or nutritional level on DNA or RNA con-
centration or on the RNA : DNA ratio, which averaged
163 ± 0.15 nig/g. 3.92 ± 0.28 mg/g. and 1.27 ± 1.43,
respectively. Likewise. there was no effect of either Se
or nutritional level on the percentage of proliferating
nuclei in caruncular tissue (P > 0.11: 0.18 + 0.02).

-
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Figure 7. The Se x late gestation nutritional level interaction on caruncular Se concentration (panel A). earuucular glutal.hioue peroxidase
(GPX) specific activity (panel B). cotyledonary Sc concentration (panel C), and cotyledonary GPX specific activit y (panel D). Selenium treat-
merits were applied from breeding until slaughter (d 130 of gestation). Adequate Se (ASe) = 3.05 ing/kg of B\V: high Se (HSe) = 70.1 mg/kg of
BW. Late gestation nutritional treat.nients were applied from d 91 to 130 of gestation. Control (CON) = 100% of nutrient requirements: restricted
(RES) = 60% of requirements. i\ieans with different. letters (a c) differ (P < 0.05).

There was a Se x midgestation nutritional level inter-
action on caruncular protein concentration, with ASe-
RES ewes having a greater (P = 0.02) protein concen-
tration compared with ASe-CON and HSe-RES ewes
(120.63 vs. 90.87 and 90.11 ± 12.4 mg/g), with HSe-
CON ewes being intermediate (110.83 + 12.4 mg/g).
However, caruncular cell size was not affected by diet
(P > 0.13) because the protein:DNA concentration ra-
tio did not differ.

In cotyledonary tissue, neither Se nor nutritional
level affected (P > 0.10) DNA concentration or the
RNA:DNA or protein:DNA ratio, which averaged 2.81
+ 0.19 mg/g, 2.31 + 0.27, and 45.15 ± 4.02, respective-
ly. However, there was a midgestation x late gestation
nutritional level effect on cotyledonary RNA concentra-
tion, with RES-CON ewes having a greater (P = 0.01)
RNA concentration compared with all other groups
(7.48 vs. 4.32, 4.72, and 4.47 ± 0.78 rng/g for the RES-
CON. CON-CON, CON-RES. and RES-RES groups,
respectively). Cotyledonary protein concentration was
affected by a Se x midgestatiori nutritional level inter-
action. The HSe ewes that were restricted during mid-
pregnancy (d 50 to 90) had less cotyledonary protein

compared with ASe-R.ES and HSe-CON ewes (87.63 vs.
113.17 and 119.72 + 11.98 mg/g), with ASe-CON ewes
being intermediate (96.75 + 11.98 mg/g) near term.
The percentage of proliferating nuclei in the fetal por-
tion of the placenta was affected by Se only. The HSe
ewes had a smaller percentage (P = 0.05) of proliferat-
ing nuclei compared with ASe ewes (1.43 vs. 2.26 ±
0.31%).

Supranutritional Se reduces the incidence of certain
types of cancer in humans (Clark et al. 1996). Both
increased apoptosis and reduced angiogenesis contrib-
ute to inhibiting tumor growth in rats fed supramlu-
tritional Se (Combs and Lu. 2001). During early and
midpregnancy, the placenta is also a rapidly growing
tissue (reviewed in Redmer et al., 2004), and in this
study. increased Se decreased cellular proliferation in
the cotyledon. However, neither DNA concentration nor
cellular size (as indicated by the protein:DNA ratio) or
cellular activity (as indicated by the RNA:DNA ratio)
in either the caruncular or cotyledonary tissue was af-
fected by Se level. When ewes received supranutritional
levels of Se from 21 d before gestation until near term
(d 135 of gestation), cotyledonary cellular proliferation
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was increased compared with ewes fed adequate levels
of Se (Lekatz et al., 2009). In the jejunuin, when Se
treatments were given 21 d before breeding until d 135
of gestation, there was no effect on the percentage of
proliferating nuclei (Reed et al., 2007). Although Se
supplementation from breeding until d 130 of gesta-
tion did not alter the percentage of proliferating cells
in the jejunum, HSe ewes had fewer total proliferating
cells in the jejunuhxi compared with ASe ewes (Carlson
et al., 2009). It appears that the timing and length of
Se treatment may affect how Se alters proliferation in
metabolically active tissues such as the placenta and
jejunum.

Placental Se Concentration and GPX
Activity at Necropsy

In the caruncle, there was a Se x late gestation nu-
tritional level interaction on carmicular Se concentra-
tion. Regardless of the nutritional level, ASe ewes had
reduced (P = 0.05) caruncular Se concentrations corn-
pared with HSe ewes (Figure 7A). Furthermore, HSe-
RES ewes during late gestation had greater (P - 0.05)
Se concentrations compared with HSe-CON ewes (Fig-
ure 7A: 1.63 vs. 1.39 ± 0.08 mg/g). It has been hypoth-
esized that IUGR pregnancies are further complicated
by oxidative stress (Raijmakers et al., 2004; Biri et al..
2007). The greater concentrations of Se in RES ewes
may be an adaptation to the stress of nutrient restric-
tion: however, there was no effect (P > 0.12) of Se or nu-
tritional level on caruncular GPX activity (Figure 7B).

Feeding ewes supplemental Se from breeding until
term resulted in HSe ewes having increased (P = 0.01)
concentrations of cotyledonary Se compared with ASe
ewes (Figure 7C: 2.11 vs. 0.33 ± 0.12 mg/g). There
was a Se x midgestation nutritional level x late gesta-
tion nutritional level interaction on cotyledonary GPX
activity (Figure 71)). The ASe-CON-CON and ASe-
RES-RES ewes had greater (P - 0.05) GPX activity
in the cotyledonary tissue compared with ASe-RES-
CON ewes, with ASe-CON-RES ewes being interme-
diate (Figure 71)). Further. HSe-RES-CON ewes had
greater (P = 0.05) GPX activity compared with ASe-
RES-CON ewes. Within HSe ewes, level of nutrition
did not affect GPX activity (Figure 71)).

Blood flow can be regulated by the balance between
free radical production and the hioavailability of NO
(Chen and Keaney. 2004). When there is an increase in
reactive oxygen species (ROS), in particular 0 2 . the
ROS will react with NO to form peroxynitrite. In addi-
tion to ROS directly causing oxidative damage to the
cells, there is a reduction in blood flow caused by the
inactivation of NO (Schulz et al.. 2004). Antioxidant
compounds, such as GPX, limit oxidative damage and
restore endothelial cell function.

Intrauterine growth restriction, which can be caused
by nutrient restriction and reduced uterine blood flow,
leads to an increase in oxidative stress (Biri et al.,
2007). This increase in oxidative stress is coupled with

an increase in placental GPX activity in the IUGR
pregnancies compared with normal pregnancies (Biri et
al., 2007). Because ASe-RES-RES ewes were restricted
for a longer period of time compared with ASe-RES-
CON ewes, we hypothesized that there may have been
more oxidative stress within the placenta of the ASe-
RES-RES ewes, which might explain why these ewes
had greater GPX activity.

Although Knapen et al. (1999) and Biri et al. (2007)
reported that placental tissue from women with IUGR
fetuses had increased GPX activity compared with
normal pregnancies, Mistry et al. (2008) reported that
placentas front women had reduced GPX
activity compared with normal pregnancies. It has been
suggested that providing antioxidants during pregnan-
cy could decrease oxidative stress and may therefore
prevent IUGR (Biri et al., 2007). Oxidative stress in
the placenta is also increased in preeclampsia (Sikkuma
et al., 2001), and women suffering from preeclampsia
have reduced concentrations of Se in umbilical venous
blood compared with women with normal pregnancies
(Mistry et al.. 2008). In the current study. feeding su-
pranutritional Se did not spare fetal BW in the RES
fetuses. Reed et al. (2007) found that feeding increased
levels of Se increased fetal BW compared with feeding
adequate Se, regardless of nutritional level, indicating
the potential for increased levels of Se to increase fetal
BW. It may be useful to investigate the effects of Se
supplementation on both GPX activity and oxidative
stress in the placenta to understand how these variables
might influence fetal BW.

Angiogenic and Vasoactive
rnRNA Abundance

In this study. Se. nutritional level, or both affected
angiogenic and vasoactive mRNA abundance in both
the caruncle and cotyledon. However, the treatments
appeared to have affected the caruncular and cotyle-
donary tissues differently.

In the carunele. there was no effect of supranutrition-
al Se or plane of nutrition during mid- or late gestation
(P> 0.10) on VECFA. KDR, or CUCY1A2 mRNA
abundance. Ewes fed increased levels of Se had less (P
- 0.05) caruncular FLT1 mRNA abundance compared
with ASe ewes (0.18 vs. 0.27 ± 0.03). There was a Se
x late gestation nutritional level interaction on carun-
cular NOSJ mRNA abundance, with ASe-CON ewes
having greater (P - 0.04) NOSJ mRNA abundance
than ASe-RES. HSe-CON. and HSe-RES ewes (Table
2). There was also a Se x late gestation nutritional
level interaction oii carnncular PCF mRNA expression,
with ASe-CON ewes having greater (P - 0.05) PCF
mRNA abundance than HSe-CON ewes and ASe-RES
and HSe-RES ewes being intermediate (Table 2).

In the cotyledonary tissue, ASe ewes had greater (P
- 0.01) cotyledonary VEGFA mnRNA abundance com-
pared with HSe ewes (1.27 vs. 0.86 ± 0.08). There was
a Se >< late gestation nutritional level interaction onon
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cotyledonary KDJ? niRNA abundance, with ASe-CON
ewes having greater (P = 0.01) KDR nifl NA abun-
dance than ewes iii all other groups (Table 2). In ad-

dition, I ISe-(ON ewes had less (P - 0.01) cot viedon-
ary KDR mRNA abundance compared with ASe-CON
and A Se-RES ewes (Table 2). whereas the cotyledonary
KDI? niRNA abundance of 1-ISe-RES ewes was sinular
to that of both HSe-CON and ASe-RES ewes (Table
2). There was also a inidgestatioll X late gestation nu-
tritional level interaction 011 eotv1edoiiii'v KDI? niRNi
abundance. The 14E5-( ON ewes had greater (P 0.02)
iotyledonarv KDI? nilL'\A abundance than ewes of all
other groups. which (lid not differ (Table 2). Cot yle-
dollar v FLTI niRNA abundance was also affected hr
a Se x inidgestatioiu nutritional level interaction. The
ASe-CON ewes bach greater (P = 0.01) FLTI cotyle-
donary niRNA abundmuice than ewes of all other groups
(Table 2). To further describe the Sc x imudgest at ion
nutritional level interaction. HSe-CON ewes had less
(P = 0.01) FLTI lnRl\A expression iii the cotvledonarv
tissue compared with HSe-RES ewes (Table 2). There
was a Se x uiidgesl ation nutritional level interaction on
eotyleclonarv AOSJ nuRNA abundance. The ASe-CON
ewes lla( I greater (P = 0.04) cotyledonary cNOS mRNA
abundance compared with the HSe-CON awl HSe-R1S
ewes (Table 2). Further. ASe-RES ewes had greater (P
= 0.04) cotvledonarv NOSY ii iR NA abundance than
ElSe-CON ewes (Table 2). The ASc'-RES (\\i's and the
HSe-RES ewes had similar cot vledonarv NOS.J niRNA
abundance (Table 2). as did the HSe-CON and HSe-
RS ewes (Table 2). There was also a Se x late gesta-
tion nutritional level interaction on cot vledonarv NOSJ
niRNA abundance, with iSe-CON ewes having greater
(P = 0.04) NOSJ niRNA abundance than ewes in all
other groups (Table 2). The HSe-CON ewes had less
(P = 0.04) cotvledonarv NOS,.') niRNA abundance than
ASe-RES dwds (Table 2), whereas the cotvleclonarv
\r(J5] niRNA abundance of HSe-R ES ewes was similar
to that of both HSe-CON and ASe-RES ewes (Table
2). There were no significant interactions or effects on
('otvle(honarv CUCYL42 or PCP inRNA abundance
(Table 2).

Borowicz et al. (2007) reported that caruncular vas-
cularity in the ewe from nud- to late gestatiolm increases
primarily through vasodilatation. This agrees with our
findings because PCF amid ELTI muiRNA abundance
was affected in the cartuicular tissue. Osol et al. (2008)
observed that placental growth factor binds to FLTI
and that PGF increases the vasodilat ation of vessels
in vitro. Borowicz et al. (2007) found that whereas the
carinicular tissue in the ewe increases via vasodilatation
(luring nud- to late gestation, capillai'v numbers and
the surface area of nutrient exchange increase I renmetu-
douslv during the last half of gestation in the cotyledon.
Currently. little iuforinat ion is available oil 	 ('fleets
of Se oil 	 factors in the placenta. There is a
wealth of data oil almgiogenic factors, vascu-
haritv, or endothelial cell prohiferatiomu in t uunors or in
cancer cell lines (Jackson and Combs. 2008: Zeng and

Combs, 2008). Collectivel y, we report that maternal So
supphenientation for 130 (1 decreased auigiogemuc factor
niRNA abundance in the placent omes. regardless ul I lie

duration of restriction.
It is iuuiportaiit to note t hat nlanv of tin' alterations in

mR.NA abundancemdance iii the placenta collected near I ('mi
were influenced by what the ewe was comlsuuuumg chimmnmg
muuidgestat ion. Vounahunme et al. (2007) reported that in
the. co ," ,-, placeiut.?d measures for viscithirit V werenot af-
fectedin	 wunediatelv after restriction. but were ,,cell
realmient ation occurred. This indicates that the growth
trajectory of tit( , placenta is affected either b y the ear-
lier (bet or by the process of reahinmemut at ion. It would
he usef ul to investigate whether r('sett iuig the maternal
endocrine status. metabolic status. or both (hives time
flimctuatiou) in placental d y namics. As mentioned above.
Lekatz et al. (2009) demonstrated that wheim ewes re-
it wined restricted throughout mid- to late gestation.
there was no alteration inin placent.oiiie vascularity. Per-
haps the trigger for angiogcnesis or vasodilatation is
the sudden change iii nmateniah metabolic status. How
Se is playing a role during this period of reahiinentation
is not vet known.

In suiiuumar , this is the first study to investigate the
combined effects of Sc' and nutrient restriction during
miclgestat.ion. late gestation, or botli oil hor-
1111)110 amid metabolite concentrations throughout preg-
nancy and placental mimmgiogemiic and vasoact ive fact or
mE NA abtuichance. It is unknown whether supplemental
Se could protect. the developin g placenta or fetus froumi
oxidative stress that may occur during bouts of nimt.ri-
cut restriction. However, it appears that fetal weight
call he spared if the irmaterualsvsteni is rescued froni
ill(, restriction by d90  of pregnancy in the ewe. It is un-
known how this earlier restriction ma y influence both
the maternal and fetal s ystems. The ii iat en ial ability
to provide adequate niilk during lactation, as well as to
have the abilit y to return to estrus and conceive again.
is not known. Further. fetal weight. aht luoughi a good
indicator of neonatal health, does not fully predict the
vigor and growth potential of the offspring. Aim under-
standing of how the mat ('rimal system recovers from nu-
tritional stressors during pregnancy. and perhaps ]low
the placenta adapts to this metabolic shift, is impor-
tant to the development of lmealt 1w offspring.
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